Introduction
W orldwide, about 5.8 million people die each year because of injuries, accounting for 10% of all deaths. 1 All age groups are affected, but injuries have a particular impact on young people and people in their working years (ibid). In the USA, unintentional injuries are the leading cause of death up to the age of 44 2 and in Sweden, injuries are the most common cause of death up to the age of 39, causing 79% of all deaths among men and 68% among women. 3 According to data from the Global Burden of Disease study, 4 Sweden is comparable with the average Western European country in terms of injury-related death rates (45.8 per 100 000 person-years in Sweden vs. 43.8 in Western Europe), potential years of life lost (PYLL) (1096 vs. 1061 per 100 000 person-years) and disability-adjusted life years (2139 vs. 2099 per 100 000 personyears) per population. The rates in Western Europe are roughly twothirds and one-third of the rates in Central and Eastern Europe, respectively, and about half that of the global rate.
Counts of the absolute number of injury fatalities in a population in a given time period are the primary means used to quantify the burden of injury mortality. 5 However, as most fatalities occur in older age groups, mortality data do not fully acknowledge the burden of premature mortality, which is an important indicator of the health status in a population. 6, 7 There are large differences between injury types when it comes to the age profile of the fatalities. While the average Swedish fall-related fatality in 2014 caused a loss of approximately 9 life years compared with the life expectancy at the age of death, the average road traffic fatality lost 32 years of life and the poisoning fatality on average 40 years.
The sum of PYLL adds a temporal dimension to mortality counts by combining information about the age at death with potential years of life left to live at that time. 8 PYLL is the sum of years of life lost (YLL) due to premature fatalities from a particular cause in a given population. 8 By giving weight to each year lost, PYLL values fatalities at young age more than those occurring at older age. 7 From a public health perspective, reducing the number of life years lost is important since it reflects a reduction in premature fatalities and adds a dimension of social and economic consequences in quantifying the burden. 8 Calculations of life years lost are part of the most well-known burden of injury presentation, which is included in the Global Burden of Disease Study (GBD) by the World Health Organization (WHO). In GBD, the burden is represented by the sum of disability-adjusted life-years (DALY's), which is an index calculated by adding YLL and years of life lived with disability (YLD) (due to injuries). 9 YLD's are calculated by the multiplication of the number of cases with a given health outcome by disability weights reflecting the health loss sustained. In the most recent GBD study, 85% of the burden of injuries consisted of YLL.
Whereas the GBD studies are not performed yearly, the present paper estimates the burden of injury mortality in Sweden using PYLL according to the cause of death register and life tables in Sweden for each year in the period of 1972-2014, allowing a more detailed trend analysis.
Methods
The PYLL concept involves estimating the average time a person would have lived in the absence of premature death. 8 Using ageand sex specific life expectancy tables in combination with statistics on type of injury, the plain number of injury fatalities due to injuries in Sweden for the time period 1972-2014 is converted to a sum of PYLL.
The definition of 'premature' death might be discussed and is reflected by the selected cut-off age, estimating the number of years a person would have lived had the injury not occurred. 7 In some cases, a cut-off age of 65 years is chosen to stress the loss of productive life years, 10 in other cases 75 or 85 years is used.
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Another measure often used is based on the life expectancy, 9 at birth or at age of death, the latter being used in this case. For example, if a man died in 1987 at the age of 47, he would lose 29.64 years of life, which was the expected remaining life length for a man at that specific age collected from the 1987 life expectancy tables. A woman of the same age lost 34.77 years, due to women living longer. In 2014, the PYLL for men and women dying at the age of 47 have risen to 34.79 and 37.92 years, respectively. This also implies that deaths at any age contribute to the sum of PYLL, since there is some remaining life expectancy at any age. The sum of PYLL is calculated by the formula below, where i = age at death, d = number of deaths at age i and L i = life expectancy at age i
We then fit cause and group-specific spline regression models to the data to estimate temporal trends in both fatality counts and PYLL, which allows us to model the trends flexibly without any explicit assumptions regarding their functional form. To avoid overfitting the models to the observed data, we use leave-one-out cross-validation to determine the optimal value for the smoothing parameter so that the out-of-sample prediction error is minimized. 12, 13 The fitted values from these models are used in all our calculations below to minimize the impact of outlier events and random noise.
Data regarding fatalities are collected from the Cause of Death register at the Swedish National Board of Health and Welfare 14 and from life tables produced by Statistics Sweden. 15 The quality of data in Swedish registers is high, allowing for the study of external death causes for a long period of time. 16 However, there have been two revisions of the International Classification of Diseases (ICD) during 1972-2014, which is important to keep in mind when studying trends. 17 ICD 8 was used until 1986, ICD 9 1987-1996 and ICD 10 from 1997 to the end of the studied period. There is a sudden decrease in the number of fall fatalities due to the change from ICD 9 to ICD 10, also acknowledged by Janssen et al. 17 At the same time, there is a corresponding increase in the miscellaneous category. About two-third of the miscellaneous category consist of the category 'other accidents', where the circumstances around the injury fatality are unclear. The remaining one-third of fatalities includes causes of death with limited numbers of fatalities such as exposure to forces of nature, electric current and contact with venomous animals or plants.
Results
Overall, the number of fatalities and the sum of PYLL due to injuries show a similar trend in the period of 1972-2014, as presented in figure 1 . There has been a steady reduction in the number of injury fatalities and thus also in the number of life years lost from the early 1970's to around the year 2000. Since then, there has been an increase in the number of injury fatalities (A) and in the sum of PYLL (B). When looking at trends separated by sex, the number of injury fatalities and sum of PYLL among men mirrors the overall trend. For women, there is a slight upward turn in the number of injury fatalities since around year 2000, but the sum of PYLL does not increase.
Not all types of injuries, as presented in figure 2 , share the upward turn. The burden of road traffic accidents, drownings, fires and suffocation and interpersonal violence are decreasing both in terms of number of fatalities and sum of PYLL. Falls, unintentional poisonings and injuries with unknown intent are increasing since the mid-90s and at the end of the study period, suicides show an increase as well.
For suicides, the increase in sum of PYLL is steeper than the increase in number of fatalities, indicating relatively young
In Appendix A, the trends from figure 2 are separated by sex. This shows an upturn in the number of PYLL among men due to interpersonal violence, not visible in the number of fatalities. In addition, the difference in the sum of PYLL lost by men compared with women due to fall injuries is larger than the corresponding difference in the number of fatalities. However, the most striking difference between men and women in this respect is shown in the unintentional poisoning trend, where the increase in both the number of fatalities and sum of PYLL is much steeper for men than for women.
In figure 3 , the relative ranks of the projected sum of PYLL by cause of death are presented stratified by decade. The largest burden in terms of PYLL is caused by suicide, which has been the case during the whole study period. There has been a sharp increase in sum of PYLL due to poisonings, moving from ranks 7 and 8 in the 70s, 80 s and 90 s to rank 2 in the 2010s, more than doubling the sum of PYLL. Falls, being the second most important cause of death in number of fatalities (miscellaneous disregarded), are less important in terms of PYLL on ranks 4 and 5 throughout the time period. The estimated average number of fatalities and PYLL per period is available in Supplementary Appendix B, tables B1 and B2.
The distribution of the burden of injury fatalities for the whole time period and for the latest 5 years can be seen in Supplementary Appendix C. Suicides account for 27.59% of the fatalities in 1972-2014, but for 34.47% of life years lost. When looking specifically at the later years, in 2010-2014, the suicide share of fatalities has decreased to 24.65% but the share of PYLL has increased to 36.49%. In 1972-2014, falls account for 17.66% of the fatalities, but the share of PYLL is 7.34%. In 2010-2014, the share of fatalities has increased to 19.63%, but the share of PYLL has been steady at 7.85%. Unintentional poisonings are getting more common, increasing the share of fatalities from 4.66% in 1972-2014 to 9.12% in 2010-2014. The share of PYLL increased from 6.17% to 15.42% in 2010-2014.
The upper panel of figure 4 presents the number of fatalities and the sum of PYLL due to suicides, unknown intent and unintentional poisonings compared with all other external causes. These three causes are related to each other, since only confirmed suicides are coded as suicides, meaning that a significant share of suicides are reported in the category of unknown intent. 18 Similarly, it is often not possible to distinguish unintentional and intentional poisonings.
The trend visible in the diagram to the left, where the number of fatalities due to suicides, unknown intent and poisonings is increasing, whereas the number of fatalities due to other external causes is decreasing, is strongly enhanced when looking at the sum of PYLL diagram to the right. In the lower panel, poisonings are decomposed from suicides and unknown intent. Trends show that the sum of PYLL increases more than the number of deaths for both suicides/unknown intent and poisoning. The implications are that fatalities due to suicides/unknown intent and poisonings are relatively young people. In addition, figure 4 shows that the upturn in all-injury fatalities and sum of PYLL shown in figure 1 is caused by an increase in suicides, unknown intent and poisonings.
Discussion
As there exists no ideal measure of the burden of injury, several measures can be used together to provide different perspectives. 5 Every premature death can be seen as a social and economic loss to society, and one way to account for this is by estimating the sum of PYLL. 19 Also, there are studies indicating that many people prefer saving younger lives 20 and presenting the burden of injuries in terms of years of potential life lost is one way of acknowledging that preference. The sum of PYLL might also be a more relevant indicator of the indirect costs in terms of production losses of injury deaths than the pure number of fatalities due to placing more weight on death at younger age. Although similar information can be provided by presenting the number of fatalities by age groups, there is a point in summarizing it into a single, composite measure instead of dealing with tables where the choice of age groups might affect the interpretation. In addition, differences in trends between the number of fatalities and sum of PYLL, i.e. that different age groups are subject to different trends, might indicate that development is driven by multiple mechanisms 9 and that there is a need to look deeper into underlying causes and preventive measures.
Studying the sum of PYLL in Sweden in 1972-2014 stresses the importance of the burden of suicide and poisonings further. Not only are suicides the most common external cause of death, in terms of the sum of PYLL the share of the total burden of injury mortality is even larger and growing. Unintentional poisonings show a worrying trend, both increasing in terms of number of fatalities and, even more so, in terms of PYLL thus indicating that those affected are relatively young. The rising sum of PYLL due to poisoning is in line with a growing drug use disorder in terms of opioid dependence. 21 This has also been discussed in the Swedish context, where opioid deaths have been proposed to cause 70-75% of the drug deaths. 22 Furthermore, which is also the case for suicide, the fact that the share of PYLL is larger than the share of fatalities implies that an aging population does not cause the increase.
To investigate this further, we study age-and sex-specific differences in the trends in Supplementary Appendix B, figures B1 and B2, where it becomes clear that men contribute more greatly to the increase in the sum of PYLL from suicides and poisonings than women. It appears that young men (aged 20-29 years) are the driving force behind the large increase in poisoning fatalities during the last two decades, even though increases are apparent in most age-and sex-specific groups. Regarding suicides, we find that the upturn in the last decade is primarily caused by suicides among men aged 20-29 years and seems to be mostly isolated to this group.
The upward trends for suicide and poisonings are similar to the findings by Case and Deaton, 23 where an increase in midlife mortality in the USA among specifically (white) men due to poisonings and suicide is identified. Case and Deaton, as well as Stein et al., 24 point out that the development identified in the US, where increasing mortality rates in what is called 'despair deaths' (suicides, poisonings and liver disease) have turned the all-cause mortality trend upwards for some subgroups, has not been present in corresponding groups in other high-income countries. However, in a later study, Case and Deaton present mortality trends in 1999-2015 for those 45-54 years for a number of countries. 25 Based on that, although not offsetting the all-cause downward trend, mortality from alcohol, drugs and suicide increased in. e.g. UK, Canada, Australia and Ireland. In France, Germany and the Netherlands, on the other hand, both trends were decreasing.
Although the upward trend is not strong enough to affect the allcause mortality trend (results available upon request), this study shows that the same pattern can be traced to the Swedish setting. In comparison with the US, younger men seem to be affected. However, the increases in suicide and poisoning mortality are clearly large enough to offset the large reductions in road traffic mortality and other downward trending causes of injury-related fatalities during the last decades. This indicates an on-going transition from technical to social injury risks, where future countermeasures may need to focus more on the latter, which poses many new challenges for injury prevention since behavioral risk factors have been shown more difficult to handle. 26 Further research would be needed to study whether the development of non-fatal injuries, also an important part of the burden of injury, shares the same trends as the fatalities.
Supplementary data
Supplementary data are available at EURPUB online.
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Key points
There are large differences among injury types regarding the age-profile of fatalities and one way of acknowledging this is by converting the number of fatalities to a sum of PYLL. The steady reduction in the number of injury fatalities and sum of PYLL from the 70 s to around the year 2000, but since the trend has turned upwards again. An increasing number of fatalities, mainly among younger men, due to poisonings and suicides offset the reductions in downward trending causes of injury mortality in Sweden. The share of PYLL is larger than the share of fatalities for both suicides and poisonings, implying that an aging population does not cause the increase in injury mortality. Figure 4 The impact of the increases in suicide (including unknown intent) and poisoning mortality since the year 2000 on the overall trend in the sum of PYLL due to injuries in Sweden, as shown via stratification
